Application of luminescence dating and geomorphological analysis to the study of landscape evolution, settlement and climate change on the Channel Island of Herm. by Bailiff,  I.K. et al.
Durham Research Online
Deposited in DRO:
18 October 2013
Version of attached ﬁle:
Accepted Version
Peer-review status of attached ﬁle:
Peer-reviewed
Citation for published item:
Bailiﬀ, I.K. and French, C.A. and Scarre, C.J. (2014) 'Application of luminescence dating and
geomorphological analysis to the study of landscape evolution, settlement and climate change on the Channel
Island of Herm.', Journal of Archaeological Science, 41 . pp. 890-903.
Further information on publisher's website:
http://dx.doi.org/10.1016/j.jas.2013.10.014
Publisher's copyright statement:
c© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/).
Additional information:
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or charge, for
personal research or study, educational, or not-for-proﬁt purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in DRO
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full DRO policy for further details.
Durham University Library, Stockton Road, Durham DH1 3LY, United Kingdom
Tel : +44 (0)191 334 3042 | Fax : +44 (0)191 334 2971
http://dro.dur.ac.uk
Application of luminescence dating and geomorphological analysis to the study of 1 
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Abstract  7 
The optically stimulated luminescence (OSL) dating of sands and palaeosol horizons, 8 
sampled as part of an archaeological investigation and supported by geomorphological 9 
analysis, has been applied to identify critical stages in the development of the landscape on 10 
Herm, one of the Channel Islands that lies off the coast of Guernsey, on which megalithic 11 
monuments were constructed during the Neolithic period. In particular, there were three 12 
phases of significant aeolian activity during the prehistoric period, the onsets dated by OSL in 13 
this study to ca 4, 3 and 2.3 ka ago, where the first phase marked a significant change in the 14 
long term trend of aggradation of soils that persisted during the next two millennia. OSL ages 15 
were also obtained for palaeosols in which there was evidence of ploughing, placing this 16 
activity in the late 2nd millennium BC and the 4th and 13th centuries AD.   The OSL ages for 17 
basal deposits of dune sands that cover the northern part of the island indicate that they 18 
were formed by phases of intense aeolian activity during the medieval period, commencing in 19 
the 13 th century AD and continuing for several hundred years, which can be correlated with 20 
documented high intensity storms in the North Atlantic within the period 13th - 15th centuries 21 
AD.   The phases of significant aeolian activity dated by OSL to ca 4 and 2 ka ago can be 22 
linked with those detected in different regions of the North Atlantic coastal areas.  The 23 
availability of chronologies for aeolian horizons provides a valuable tool in the study of the 24 
evolution of coastal landscape and how past coastal communities responded to climate 25 
change.   26 
 27 
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 2 
1. Introduction 1 
Amongst the islands that lie within the outer reaches of the British Isles, including Shetland, 2 
Orkney and the Western Islands to the north, the Isles of Scilly to the south, and the Channel 3 
Islands that lie in the Normanno-Breton Gulf (Fig. 1), there are relatively high concentrations 4 
of megalithic monuments that were constructed during the Neolithic period.  On Herm the 5 
small chambered tombs, which have been studied since the 19th century (Kendrick, 1928), 6 
are distinctively aligned along a ridge between two hills located in the northern part of the 7 
island (Fig. 2). Several of these tombs and the associated prehistoric land surface are almost 8 
completely concealed by a thick layer of dune sand which has preserved a Neolithic 9 
landscape with activity marked by the construction of monuments, traces of settlement and 10 
cultivation.  In a recently completed study (Scarre and French, 2013), a programme of 11 
excavation, soil sampling, micromorphological analysis and dating was conducted to 12 
reconstruct the environmental history of northern Herm during the Holocene and to interpret 13 
the nature and extent of Neolithic activity on the island. As part of this work, optically 14 
stimulated luminescence (OSL) was applied to date the formation of the dunes, the burial of 15 
the prehistoric land surface and key stages in the development of the landscape. Aeolian 16 
sands and palaeosols were sampled to address several basic research questions, primarily 17 
focused on determining a) the age of the prehistoric land surfaces, b) when they were buried 18 
by sand dunes and c) the ages of key horizons in the development of the prehistoric 19 
palaeosol sequence. However, the OSL ages produced for key phases of aeolian activity on 20 
Herm also provide further data related to the issues of storminess in the N Atlantic region 21 
and, given its relevance to human settlement in coastal regions, we also discuss the Herm 22 
results in the context of the wider regional studies of climate change. 23 
The application of OSL to dune chronology has become a topic of relevance to the study of 24 
climate change in coastal regions of NW Europe since the processes of aeolian transport 25 
and dune formation have been linked to storm events within the North Atlantic region (Lamb, 26 
1977; Lamb and Frydendahl, 1991). In previous work on coastal archaeological sites in the 27 
Western Isles, Orkney, Shetland and on the NE English coast (Gilbertson et al., 1999; 28 
 3 
Sommerville et al., 2001; 2003; 2007), OSL ages identified periods of significant aeolian 1 
sand mobilization. In the most recently published study by Sommerville et al. (2007), two 2 
major phases of aeolian activity dated by OSL to ca 2000 BC and ca 1000 BC were 3 
associated with abandonment of the prehistoric settlement of Tofts Ness on Sanday, Orkney, 4 
and linked to enhanced North Atlantic storminess during the onset of periods of climate 5 
deterioration in N. Scotland. To explore the potential for using sand mobilisation and dune 6 
formation as a proxy record of climate change, various studies have applied OSL to date 7 
sand mobilisation in coastal regions (e.g., Wintle et al., 1998; Clarke et al., 1999; Orford et 8 
al., 2000; Clemmensen et al., 2001; Clarke et al., 2002; Clarke and Rendell, 2006; review by 9 
Madsen and Murray, 2009) and also at the inland site of Breckland, East Anglia (Bateman 10 
and Godby, 2004). 11 
During the climatic phase in NW Europe referred to as the Little Ice Age (LIA; AD1470-1900, 12 
Matthews and Briffa, 2005), the driving mechanism of storminess in the North Atlantic region 13 
was attributed by Lamb (1979) to an enhanced thermal gradient between latitudes 55° and 14 
65° N associated with a reduction in sea-surface temperatures in the North Atlantic, caused 15 
by the southward expansion of sea ice from the Arctic region. Clarke and Rendell (2009) 16 
compared archival records of sand movement in the North Atlantic coastal regions during the 17 
LIA and proxy records provided by the numerical dating results (OSL and radiocarbon). For 18 
phases of significant aeolian activity during the Holocene before the LIA, they made 19 
comparisons with the series of five quasi-periodic cooling events (8.2 ka, 5.9 ka, 4.2 ka, 2.8 20 
ka and 1.4 ka) proposed by Bond et al. (1977), linking these with periods of increased 21 
storminess. They concluded that during the LIA numerous episodes of sand drift and dune 22 
formation on the western European coasts dated by OSL and radiocarbon could be linked to 23 
records of storminess, with sufficient indication of synchronicity to suggest that the climatic 24 
conditions leading to storminess were widespread in northern Europe but, beyond the last 25 
millennium, comparison of the numerical dating evidence with the timing of the climatic 26 
cooling events yielded a correlation with only one of the events (8.2 ka) on a similar 27 
geographic scale. Since Clarke and Rendell’s evaluation, further OSL ages for coastal dune 28 
 4 
formation within the N Atlantic coastal region have become available and these are also 1 
discussed below.  2 
 3 
2. The island setting and archaeology 4 
In the northern part of Herm (Fig. 2) a rolling upland plateau formed on granodiorite 5 
descends to a northern lowland coastal plain, named The Common, which is covered by 6 
thick wind-blown sand deposits and dunes fronting the foreshore. In the central part of the 7 
saddle formed between the two hills of Petit Monceau (elev. 29 m) and Grand Monceau 8 
(elev. 43 m) lies the area of Robert’s Cross in which the first trench, Trench A, was inserted 9 
on the north side of Tomb 12 (according to the numbering scheme adopted by Kendrick, 10 
1928). The locations of eight of the excavation trenches (A, B, D, D2, E, F, G and N) and a 11 
barrier dune on the north shore (MB) investigated during four seasons (2008-2011) of 12 
excavation referred to in this paper are indicated in Fig. 2, and further details of the 13 
excavation and the palaeoenvironmental investigation can be found in Scarre and French 14 
(2013).  The main objective of the Herm project was to investigate the buried land surfaces 15 
within areas of primary archaeological interest but, because of the ecological sensitivity in 16 
these areas, the trenches were necessarily limited in size. However, a comprehensive soil 17 
auger survey provided details of topographic features of the buried prehistoric landscape and 18 
two key features obscured by the blanketing sand were identified:  a ridge projecting north 19 
from the foothills on which Tomb 15 (Fig. 2, T15) was located and, in the western part of the 20 
lowland plain, a shallow marine embayment containing 2 m of marine silts and fine sands 21 
sealed by 30 cm of peat development (formed between the 6th and 11th centuries AD on the 22 
basis of radiocarbon ages) and overlain by several metres of dune sand. The pollen and soil 23 
sequences obtained from analysis of the soil cores revealed an early Holocene landscape 24 
containing a wooded area around the edges of the marine embayment that was 25 
progressively degraded by human impact and climate and land that had been cultivated in 26 
areas north and south of Robert’s Cross.  27 
 5 
The detailed reconstruction of the landscape and soil development enabled the megalithic 1 
tombs to be placed within the palaeoenvironmental sequence and suggest that they were set 2 
within an agricultural landscape.  One of the most striking features revealed in several of the 3 
trenches was the preserved evidence of cultivation. The finding of widely scattered Neolithic 4 
pot and flint fragments in the upper buried soil horizons, combined with indications of ard 5 
marks, in the form of shallow linear furrows created by a rudimentary plough, were 6 
interpreted as evidence of manuring to improve the fertility of the soils. From ca the 3rd or 2nd 7 
millennium BC onwards the coastal environment became increasingly marginal and there 8 
were prolonged intervals during the late prehistoric period and the late medieval period 9 
where cultivation appeared to have ceased due to the influx of sand.  Evidence of settlement 10 
was found in two areas (Fig. 2), beneath a shoreline dune south of Petit Monceau and on 11 
The Common, east of a massive tabular outcrop that was investigated in Trenches D and 12 
D2.  Although the deposits beneath the shoreline dune were heavily eroded, there was 13 
sufficient artefactual evidence to confirm early Neolithic occupation, and the pottery and 14 
artefacts of the early 5th millennium BC recovered indicate that Herm has one of the few 15 
known earlier Neolithic settlements in the Channel Islands (Scarre and French, 2013), others 16 
being L’Erée and the Grand Hotel site  on Guernsey (Sebire and Renouf, 2010; Cunliffe and 17 
de Jersey, 2000) and L’Ouzière and Mont Orgueil on Jersey (Marcigny et al., 2010).   18 
 19 
 20 
3. The sampled contexts 21 
3.1 Geomorphological investigation 22 
The programme of soil sampling and analysis provided assessments of the nature and extent 23 
of the palaeosol horizons, guiding the selection of OSL samples. A full account of the 24 
geomorphological work, which followed the methodological approach described by Courty et 25 
al. (1989) is given elsewhere (French, 2011) and, drawing from that work, the main 26 
characteristics of the palaeosols and sands are described in the Supplementary Material 27 
(Section 1) and summarised in the following discussion of the sample locations.  28 
 6 
The OSL samples were obtained from horizons at the nine locations indicated on the 1 
topographic plan (Fig. 2) and at depths indicated in the stratigraphic columns for each trench 2 
shown in Fig. 3 that are projected onto the two elevation transects (I and II), the positioning 3 
of which is marked on the plan (inset, Fig. 3). The trenches were located  on Grand Monceau 4 
(B), in the Robert’s Cross area (A, E, F, G), on The Common, (D, D2, and N), and the 5 
sampled location MB was located within the coastal dune fronting Mouisonnière Beach (MB; 6 
shown in Fig. 2 only). The sediments were sampled using opaque rigid plastic tubes (40 mm 7 
dia. in most cases) that were driven horizontally into cleaned sections to a depth of at least 8 
20 cm, extracted and then promptly sealed to prevent exposure of the sediment to daylight 9 
and to retain the moisture content. At one location where the sediments were too compacted 10 
for the use of tubes (D2.2), blocks (at least 8x3x3 cm) were cut from freshly exposed 11 
surfaces, shielded from sunlight, and stored in opaque material. 12 
The basal dune sand and upper surface of buried soil were sampled above and below their 13 
contacts in Trenches A, D, D2, E, G, N and at the base of the MB dune. Trenches E and F 14 
provided access to well-preserved soil sequences and, as for Trenches B and G and MB, 15 
contained horizons with evidence of ploughing activity within the soil structure (indicated in 16 
Fig. 3, Trenches B, E, F and G). The positions of the OSL samples are discussed below as 17 
two groups, located south of The Common (in Trenches A, B, E and F) and on The Common 18 
(in Trenches D, D2 and N), including Mouisonnière Beach (MB).  19 
 20 
3.2 South of The Common  21 
On the northern side of the chambered tomb at Roberts Cross, Trench A was cut to 22 
investigate the structure of a suspected mound that covered the N orthostats to the level of 23 
the capstones. Although no trace of an original mound was found in this trench, evidence for 24 
one was found in the 2011 excavations at the eastern end of tomb 12, and it is probable that 25 
it did once extend around the northern side of the chamber also. Its absence from Trench A 26 
must be the result of post-Neolithic erosion (supported by the OSL age obtained for the basal 27 
sand in this trench, as discussed below). Three OSL samples (Fig. 3, Transect I, A) were 28 
 7 
obtained from: A.1, basal sand dune deposits overlying an upper palaeosol; A.2, the upper 1 
palaeosol immediately below the contact with the dune deposits; A.3, a fine wind-blown sand 2 
overlying the basal palaeosol that was present closer to the tomb.  3 
 4 
On the north-eastern side of Kendrick tomb 6 on Grand Monceau, Trench B had revealed a 5 
relatively shallow soil profile (ca. 65 cm), the structure of the upper part of which indicated a 6 
preserved land surface with visible evidence of individual plough marks and a ridge and 7 
furrow structure. The action of ploughing would have repeatedly exposed soil within several 8 
cm of the surface to daylight and hence potentially resulting in an optical bleaching (zeroing) 9 
process associated with the use of the land for cultivation. To investigate the temporal 10 
relationship between cultivation identified in this and the other trenches at lower elevation (G, 11 
E, F), two OSL samples were taken from the soils lying immediately above (B.1) and below 12 
(B.2) the buried land surface (Fig. 3, Transect II, B).  13 
Within 50 m SW of Robert’s Cross, Trench E provided sequences that extended from the 14 
Neolithic to the Roman periods, as indicated by the recovery of diagnostic pottery from basal 15 
and upper buried soil horizons. Lying below 125 cm of dune sand (Fig. 3, Transect I, E), the 16 
soil sequence contained at least two superimposed soils (for description, see Supplementary 17 
Material, Section 1), separated by a stabilised windblown sand horizon. Six OSL sample 18 
cores (E.1-6) were positioned to sample four stages of land surface development: a) E.1, the 19 
formation of the overlying dune sand, b) the deposition of the upper palaeosol (E.2), c) the 20 
stabilisation and duration of the wind-blown sand  (E.3, E.4 and E.5), and d) the later phase 21 
of development of the lower palaeosol (E.6). Both upper and lower palaeosols contained 22 
structural features attributed to ard-like plough marks. In Trench F, cut to examine the socket 23 
of a standing stone, three main soil horizons (Fig. 3, Transect I, F), the upper, middle and 24 
lower palaeosols were broadly similar in composition (Supplementary Material, Section 1) to 25 
those in Trench E, differing in the proportions of wind-blown components. The structure of 26 
the upper palaeosol indicated disturbance caused by truncation and/or occasional ploughing 27 
and ard-marks were also visible in Trench F, especially in its southern section. The OSL 28 
 8 
sample cores were positioned to sample the later phases of deposition of the upper (F.1), 1 
middle (F.2) and lower (F.3) palaeosols and the earlier phases of development of the lower 2 
soil (F.4 and F.5).  3 
 4 
The creation of a modern sand quarry pit north of Roberts Cross had enabled access to a 5 
preserved prehistoric land surface buried under dune deposits rising to a height of ca. 3 m. In 6 
Trench G two superimposed palaeosols extended to a depth of ~40 cm below the contact 7 
with the dune sand and, within the trench area evidence of ard marks had been found in the 8 
dune sand/soil contact surface of the upper soil. Three OSL samples were located (Fig. 3, 9 
Transect I, G) immediately above (G.1) and below (G.2) the interface of the dune sand and 10 
upper palaeosol and at the base of the lower palaeosol (G.3).  11 
 12 
3.3 The Common and Mouisonnière Beach  13 
The timing of the burial of the prehistoric land surface by sand dune formation was examined 14 
in three trenches located on The Common (D, D2 and N) and at Mouisonnière Beach (MB). 15 
Trenches D and D2 had been cut to investigate a geophysical signature (Scarre and French, 16 
2013) associated with a depression between massive granodiorite boulders that formed a 17 
bedrock outcrop 90 m north of Kendrick tomb 15. In Trench D (Fig. 3, Transect I, D), 18 
underlying about 1 m of shelly dune sand, excavation revealed a thin horizon of stabilized 19 
organic sand overlying a buried soil formed on the granodiorite bedrock. In the adjacent 20 
trench (Fig. 3, Transect I, D2;) a greater depth (1.8 m) of dune sand covered a buried soil 21 
with characteristics similar to the upper palaeosol in Trench E, but much disturbed and likely 22 
to be the lower half of an in situ palaeosol. Fragments of prehistoric pottery and flint debitage 23 
had been recovered from the upper layers of the buried prehistoric soil in both D and D2, 24 
including, in the latter, a concentration of Neolithic pottery fragments which were possibly 25 
derived from a single vessel. The OSL samples were taken from the basal dune sand (D.2) 26 
in Trench D and, to gauge the rate of sand aggradation, at half the depth of the sand 27 
overlying the granodiorite outcrop (D.1). In Trench D2, a block of the palaeosol that included 28 
 9 
the buried land surface was cut and extracted (D2.2), together with a core of the overlying 1 
dune sand (D2.1). In Trench N, located on the northern slope at the base of Petit Monceau 2 
(Fig. 2), a truncated 15 cm-thick palaeosol was identified lying at a depth of ca 1.7 m below 3 
dune sand (Fig. 3, Transect II, N); a few prehistoric potsherds and struck flints were 4 
recovered from its upper part. The OSL samples were obtained immediately below and 5 
above the contact between the basal dune sand (N.4) and the upper part of the palaeosol 6 
(N.3). Finally, midway along Mouisonnière Beach and adjacent to a granodiorite outcrop, a 7 
25 cm-thick palaeosol, lying 1.25 m above the upper beach level and developed on a 8 
weathered granodiorite substrate, was overlain by about 3.5 m of dune sand. OSL samples 9 
were taken from the basal dune sand deposits lying immediately above a buried soil (MB.1) 10 
judged to be of early Holocene age on the basis of geomorphological analysis (Scarre and 11 
French, 2013).   12 
 13 
4.  Experimental measurements  14 
A summary of the experimental work is given in the following sections and further technical 15 
details are provided in the Supplementary Material. 16 
 17 
4.1  OSL characteristics 18 
OSL dating procedures were applied to aliquots of quartz coarse grains (200-355 m 19 
diameter) extracted from the sampled volumes of sediment. The equivalent dose, De, was 20 
determined using a single aliquot regenerative procedure (SAR), similar to that described by 21 
Murray and Wintle (2000, 2003) but with some minor differences in the measurement of 22 
sensitivity changes and thermal transfer (Supplementary Material, Section 4, and Table 23 
SM.1). This procedure was extended by the use of an OSL scanner (Bailiff and Mikhailik, 24 
2003) to determine the number of bright grains contributing to the detected luminescence in 25 
each aliquot; and the use of relatively large grains increased the likelihood of obtaining OSL 26 
intensities of sufficient strength with aliquots of samples extracted from the younger horizons. 27 
 10 
The quantity of grains deposited onto measurement discs was adjusted to minimise the 1 
number of bright grains in each aliquot, achieved by progressive adjustment of sample 2 
quantity and testing with the scanner.  Using this approach about 70% of the aliquots yielding 3 
paleodose determinations contained a dominant single bright grain in the case of the dune 4 
sand and palaeosol samples, and a higher proportion (~80%) was obtained with aliquots of 5 
wind-blown sand samples (a breakdown of bright grain numbers is given in Table SM2, 6 
Supplementary Material).  However, a high proportion (about 2/3rds) of the dune sand 7 
aliquots were discarded because of inadequate OSL signal strength (<3 x background signal 8 
intensity) and although the quantity of grains on each disc had been increased, this was 9 
constrained to a spread of ca 6-8 mm (employing a mask when spraying the discs with Si oil) 10 
to avoid a predominance of grains located near the periphery of the disc where there is a 11 
reduction in the dose rate from the beta source.  12 
 13 
The OSL decay curves contained a dominant fast component (Supplementary Material, 14 
Section 3, Fig. SM1) and application of the early background (EBG) subtraction procedure 15 
confirmed the absence of significant changes in the value of De arising from the presence of 16 
the medium or slow decay components (Ballarini et al., 2007). The acceptance criteria 17 
(Wintle and Murray, 2006; Jacobs et al., 2006) for the recycling ratio, set at ±10% of unity, 18 
was met by a high proportion of the samples and the ratio averaged over all samples was 19 
0.99±0.04 (listed for each sample in Table SM2, Supplementary Material,). The effect of 20 
preheat temperature on the evaluation of De was examined as part of the dose recovery 21 
experiment.  A preheat plateau was obtained with most of the samples for preheat 22 
temperatures between 200 and 240 °C, and the overdispersion of the population of mean 23 
values obtained for the ratio De/Da (where Da is the applied dose) ranged between 5% and 24 
15% (listed for each sample in Table SM2 and examples shown in Fig. SM2, Supplementary 25 
Material). A few samples exhibited higher levels of scatter in De, as reflected in the relative 26 
standard deviation (RSD) values, particularly in the case of three of the younger dune sand 27 
samples (A.2, 0.22; D.1, 0.26 and D.2, 0.19) and to a similar level with an older palaeosol 28 
 11 
sample (G.2, 0.19). A preheat temperature of 220 °C was applied when obtaining the De 1 
values used to construct the dose response curve and additional measurements were 2 
performed using a lower temperature preheat (200 °C) temperature to check for consistency 3 
in the determination of De for those samples where the RSD of the results of the dose 4 
recovery measurements had been in the higher range using a 220 °C preheat temperature.  5 
 6 
4.2 Equivalent dose analysis 7 
The equivalent dose, De, was evaluated following the SAR procedure by interpolation of the 8 
linear curve fitted to the dose response data.  The distributions of the De values obtained  9 
were analysed using the central dose model (CDM; originally referred to as CAM, Central 10 
Age Model; Galbraith and Roberts, 2012; Galbraith et al., 1999; Roberts et al., 2000; 11 
Galbraith, 2005). The overdispersion calculated using the CDM is a statistical parameter of 12 
primary interest in analysing the distribution of the values of equivalent dose, De, and it 13 
provides a measure of the extent of variation in De in excess of that expected on the basis of 14 
instrumental errors. The causes of overdispersion are usually discussed in terms of ‘extrinsic’ 15 
and ‘intrinsic’ effects. Factors associated with the extrinsic effects include spatial 16 
heterogeneity in the beta dose rate and incomplete resetting of grains by sunlight at 17 
deposition. The intrinsic effects include those associated with the characteristics of the quartz 18 
(or selected mineral) and the overdispersion in the values of De determined under the known 19 
applied dose conditions of the dose recovery experiment (Wintle and Murray, 2006) was 20 
used as a measure of the intrinsic uncertainty, I, for the Herm samples. The latter was 21 
combined in quadrature with the instrumental error associated with De (burial dose) to obtain 22 
the error estimate in the value of De analysed using the CDM. Although for dose recovery 23 
experiments the overdispersion is expected to be zero, it is evident in the recent literature 24 
that a considerable variation in the overdispersion estimates for quartz aliquots and single 25 
grains has been observed (e.g., Duller, 2012) and the values of I, for the Herm samples, 26 
expressed as percentages, fell within the range 4% to 15% (Table 1, col. 7),  27 
 12 
 1 
The weighted mean value of the paleodose (De) for each sample, together with the number 2 
of determinations (n) and the overdispersion calculated using the CDM (b) are shown in 3 
Table 1 (with the exception of sample N.3 where De distribution was analysed using the finite 4 
mixture model, as discussed below); the values of overdispersion range from 0.06 to 0.31. In 5 
recent work on the mathematical modelling of De values for multi-grain mixtures of 6 
sediments, Arnold and Roberts (2009) compiled a list of published overdispersion values for 7 
quartz single grains and ‘small-sized multi-grain’ aliquots (<100 grains, estimated to contain 8 
between 4 and 16 bright grains inferred from empirical data in Duller et al., 2000) that were 9 
thought to comprise grains that had been fully bleached at deposition and not affected by 10 
post-depositional mixing. The mean values of the overdispersion for single aliquot and 11 
single-grain results, calculated using the CDM, were 14±7% (s.d.; n=36; range, 0-33%) and 12 
20±7% (s.d.; n=63; range, 0-32%) respectively. The mean values of the overdispersion for 13 
the Herm samples are 18±7% (s.d., n=25; range, 6-31%) for single aliquots and 19±9% (s.d., 14 
n=22; range, 0-33%) when calculated using the results for aliquots containing a dominant 15 
single bright grain. The distribution of the latter is similar to that for the single grain data 16 
collected by Arnold and Roberts (2009; plotted as histograms in Fig. SM3, Supplementary 17 
Material). Although the published data in Arnold and Roberts’ tabulation are drawn from a 18 
range of different types of site and depositional contexts, they show that a generally wide 19 
spread in overdispersion values is observed in sediments judged to be well bleached at 20 
deposition and that ostensibly, on the basis of overdispersion alone, the values for the Herm 21 
samples appear to be consistent with this pattern.  It is worth noting that most of the 22 
published OSL dating work with coastal dune deposits has been performed with single 23 
aliquots (Madsen and Murray, 2009), and in these cases the values of overdispersion 24 
obtained will have been reduced by inter-grain averaging (Cunningham et al., 2011). Blumer 25 
et al. (2012), for example, examined late Holocene horizons within a perched dune field on 26 
the shores of Lake Michigan and obtained overdispersion values with small aliquots, each 27 
 13 
containing several thousand grains, ranging between 15 and 30% for De distributions 1 
described as log normal and unimodal. 2 
However, as highlighted in earlier work by Bateman et al. (2003; 2007) and Bush and 3 
Feathers (2003) and examined by others (Boulter et al., 2006; Ahr et al., 2013; Stockmann et 4 
al., 2013), De distributions should be examined for statistically significant departures from a 5 
log-normal distribution of De values associated with the effects of post-depositional mixing 6 
caused by pedoturbation, bioturbation and other mixing mechanisms. Positive skewness may 7 
result, for example, from the presence of grains that were incompletely reset before burial 8 
and negative skewness may arise where grains from horizons of younger depositional age 9 
have become incorporated in the sampled horizon. The distributions of the Herm De values 10 
were analysed for skewness by calculating the weighted skewness score (Arnold and 11 
Roberts, 2009), c, for the results obtained with aliquots containing a single dominant bright 12 
grain since they allow the effects of intergrain differences to be better resolved. None of the 13 
values of c calculated (Table SM2, Supplementary Material) exceeded the critical skewness 14 
score for single grain samples (2σC; Arnold and Roberts, 2009; Bailey and Arnold, 2006). 15 
However, for De distributions with values of c corresponding to a high proportion of the critical 16 
value, combined with a value of overdispersion greater than the average (i.e., significantly 17 
above the average of 20%), there is the potential for the CDM to yield an under- or over- 18 
estimate of the burial dose. Depending on the polarity of the skewness and in these cases, it 19 
may be appropriate to analyse the distribution for De components using the finite mixture 20 
model (FMM; Roberts et al., 2000; Galbraith, 2005). 21 
 22 
Of the three samples that exhibited relatively higher values of positive skewness and 23 
overdispersion, D2.1 (c/2C=86%; b=25%), F.5 (c/2C=66%; b=23%) and N.4 (c/2C=54%; 24 
b=13%), the distribution of De values for the dune sand sample D2.1 (radial plot shown in 25 
Fig. SM4a, Supplementary Material) has the strongest indication of the presence of grains 26 
either incompletely reset at deposition and/or originally associated with an older horizon,  27 
 14 
The application of the FMM identified two De components k1 (De=1.31±0.06 Gy, 80%) and 1 
k2 (De =2.79±0.32 Gy, 20%), where the percentages correspond to the proportion of aliquots 2 
in each component calculated by the model. The relatively large uncertainty in the weighted 3 
mean value of De for k2 arises because of the small population of data values. The OSL 4 
ages, calculated using the values of De for k1 and k2 and using the same dose rate as shown 5 
in Table 1 for this location (1.64±0.04 mGy a-1), are 0.75±0.06 ka and 1.60±0.52 ka, 6 
respectively. The OSL age for k1 is only marginally earlier than that calculated with the value 7 
of De obtained by applying the CDM (Table 1, 0.80±0.60 ka).  Although the complex history 8 
of the dune sands and the highly dynamic nature of their deposition are likely to have given 9 
rise to the presence of grains of older depositional age in the basal deposits, the use of the 10 
simpler central dose model in this case appears sufficient.  11 
 12 
The De distribution with the highest negative skewness score (but below the critical value for 13 
single grain samples, 2c) combined with a higher value of overdispersion is the dune sand 14 
sample  N.3 (c/2C=51%; b=25%). Application of the FMM to the De distribution for N.3  15 
resolved two components (radial plot shown in Fig. SM4b, Supplementary Material), k1 16 
(De=4.40±0.15 Gy, 40%) and k2 (De=6.64±0.20 Gy, 60%). The lower value of De (k1), 17 
assumed to be associated with the most recently optically reset grains, yields an OSL age of 18 
2.30±0.17 ka. The presence of the higher dose component k2 identified by the FMM raises 19 
the question of the source(s) of the sand within the sampled context.  The OSL age 20 
calculated using the dose rate for the N.3 sampled volume (1.91±0.04 mGy a-1; Table 1) and 21 
the above value of De for k2 (6.64±0.20 Gy) is 3.5±0.3 ka. Although the underlying horizon is 22 
a potential source of quartz grains of greater depositional age (i.e.,  if the sample tube had 23 
cut into the lower horizon), this outcome is unlikely since the OSL age of 2.45±0.19 ka for the 24 
underlying palaeosol N.4 (Fig. 3, Transect II, N) is stratigraphically consistent with the OSL 25 
age for N.3 calculated using the De component k1 (2.30±0.17 ka). On the other hand, the 26 
specific activities (Supplementary Material, Table SM3) of thorium and uranium in sample 27 
 15 
N.3  (Th, 15.3±2.8 Bq kg-1; U, 17.4±1.6 Bq kg-1) are closer to those of the palaeosols (ranges: 1 
Th, 13.4-33.4 Bq kg-1; U, 10.2-31.2 Bq kg-1) than the dune sands (excluding N.3, ranges: Th, 2 
5.5-8.2 Bq kg-1; U,  5.9-11.3 Bq kg-1).   Since the location of the sampled horizon is on the 3 
lower slope of Petit Monceau (Figs 2 and 3) it is plausible, although speculative, that grains 4 
within a significantly older palaeosol unit upslope were reworked and combined with the 5 
basal dune sand at an early stage as part of a post-depositional mixing process (e.g., 6 
Bateman et al., 2007; Bueno et al., 2012) that occurred during the stabilisation of the dune. 7 
 8 
Recent single grain work with very young deposits (<100 years; Costas et al., 2012a) has 9 
indicated that grains in dune sand horizons of at least several hundred years are likely to 10 
have been sufficiently reset. However, the degree of resetting will be dependent on local 11 
conditions that, under extreme storm conditions for example, could have varied significantly 12 
in terms of aerial transport. For the Herm samples, the values of overdispersion are relatively 13 
constrained and the application of the CDM, with the one exception of N.3, appears to be a 14 
sufficient statistical model to use for the determination of the dose accrued since burial. In 15 
the case of the dune sands, we have assumed that, following the onset of a period of aeolian 16 
activity, a series of cycles of deposition, deflation and reworking of sand (Fujioka and 17 
Chappell, 2010) occurred before a stabilized dune was formed and buried the sampled 18 
volume. In the case of the palaeosols the general absence of significant skewness in the De 19 
distributions suggests that the persistent input of aeolian sand, indicated by the 20 
micromorphological analysis,  was a key component in the aggradation of the prehistoric 21 
soils, and that this has provided a means of obtaining OSL dates that relate temporally more 22 
closely to the process of the development of the soil horizons than would otherwise have 23 
been the case.  However, in the absence of suitable radiocarbon samples from relevant 24 
horizons, it has not yet been possible to obtain an independent check of this temporal 25 
relationship.  26 
 27 
 28 
 16 
 1 
 2 
4.3 Dose rate assessment 3 
The average total dose rate to coarse quartz grains, D tot, was assessed taking into account 4 
lithogenic radionuclide sources located a) within the grains, emitting alpha and beta radiation 5 
and b) within the sediment medium external to the grains, emitting beta and gamma 6 
radiation, and c) cosmic radiation. External grain dose rates were measured directly using 7 
the experimental techniques of thermoluminescence dosimetry (-TLD and -TLD; 8 
Supplementary Material, Section 5) and indirectly by measuring the radioactivity of sediment 9 
samples and calculating dose rates using published conversion factors (Adamiec and Aitken, 10 
1998). In the -TLD technique the active sample volume relevant to the measurement of the 11 
external dose rate is ~0.25 cm3, and for coarse grained sediments, such as the dune sands, 12 
replicate measurements with separately sampled volumes provided a means of testing for 13 
significant heterogeneity in radionuclide distribution, although not to the extent of providing a 14 
spatially resolved determination (Bailiff, 2011; Bailiff et al., 2013).   15 
 16 
High resolution ray spectrometry was used to measure the average specific activities (Bq 17 
kg-1) of lithogenic radionuclides contained in the sediment samples, the values of which 18 
(Supplementary Material, Table SM3) were used to calculate the contemporary dose rate 19 
within layers of infinite (and semi-infinite thickness (Different levels of average burial 20 
moisture content were adopted for three types of context, 15±3% (dune sand), 20±4% 21 
(interface, dune sand and palaeosol) and 25±5% (palaeosol), based on the results of the 22 
measurement of contemporary moisture content of individual samples. The values of the 23 
average total burial dose rate, D tot, and its components, D +ig and D +cos, for each sample 24 
are listed in Table 1. D +ig represents the average beta dose rate, corrected for attenuation 25 
effects and average moisture content (Aitken, 1985), and includes a calculated contribution 26 
(0.035 mGy a-1) to account for trace quantities of radionuclides within the grains. D +cos 27 
 17 
represents the combined  and cosmic burial dose rate, corrected for moisture content and 1 
each component of this combined dose rate, D andD cos represents the time-averaged 2 
value of the burial dose rate for each location, as follows.  3 
 4 
The gamma dose rate, D , within each sampled volume was calculated using a multiple-5 
layer gamma dose rate model, developed for application in coastal contexts (Bailiff and 6 
Tooley, 2000), that uses geometry coefficients calculated by Løvborg and given in Aitken 7 
(1985; Appendix H).  The spreadsheet-based model calculates the gamma dose rate at a 8 
selected depth within a sampled layer due to specified concentrations of the lithogenic 9 
radionuclides (U, Th and K) uniformly dispersed in each of five semi-infinite layers, two 10 
above and two below the designated sample layer, where the thickness of each layer can be 11 
varied from ca 1 cm upwards; the dose rate is also adjusted for moisture content specified in 12 
each layer.  The model was applied to calculate the gamma dose rate at each sample 13 
position in a ‘static’ configuration, taking into account sediment strata of differing radionuclide 14 
content within ~50 cm of the sample position. The calculation provides an estimate of the 15 
gamma dose rate at the sample position in the current stratigraphy, but this does not 16 
necessarily represent the time-averaged dose rate since initial burial (apart from the 17 
adjustments made to account for moisture content). Following initial burial, the deposits lying 18 
beneath the sampled volume provide a half infinite medium for the gamma dose rate and 19 
thereafter the gamma dose rate increases during the development of overburden until its 20 
depth is sufficient to obtain an infinite medium dose rate (~50% achieved at 5 cm and ~95% 21 
at 20 cm for a sediment with 25% moisture content). Where the time taken to achieve this 22 
condition is short relative to the burial period, the effect on the burial dose rate is usually 23 
negligible. However, if the palaeosol continued to aggrade and was subsequently eroded, 24 
followed at a later stage by sand dune development, the resulting gap in the sedimentary 25 
record also represents a missing part of  the dose rate history, potentially affecting the time-26 
averaged gamma dose rate for the burial period.  As the depth of overburden increases there 27 
 18 
is a counteracting decrease in cosmic dose rate (Prescott and Hutton, 1988).  At relatively 1 
shallow depths of overburden the variation in cosmic dose rate with depth is dominated by 2 
the attenuation of the ‘soft’ electron component that is removed by a depth of about 60 cm in 3 
sediment and the ‘hard’ muon component  persists, reducing at a significantly lower rate with 4 
depth. At depths of ca 60, 100 and 200 cm below the ground surface, for example, the 5 
calculated cosmic dose rates are respectively 30%, 35% and 45% lower than the sub-6 
surface dose rate (~0.29 mGy a-1).  Hence the cosmic dose rate was also calculated at each 7 
stage of overburden development model employing Prescott and Hutton’s (1988) emprical 8 
depth-dose data. Using both types of calculation, the gamma and cosmic dose rates were 9 
calculated for the development of overburden from burial to the present surface. To illustrate 10 
the effect on the time averaged dose rate, three of the Herm locations are examined, making 11 
use of the OSL age results and calculated rates of aggradation discussed in subsequent 12 
sections. The changes in gamma and cosmic dose rate components are expressed relative 13 
to the dose rate calculated using  the static model.   14 
Sample F.5 is representative of a sample located in the middle of a palaeosol sequence. On 15 
the basis of an aggradation rate of 13 cm per ka (Section 6.2), 95% of the infinite medium 16 
gamma dose rate (~26 cm) obtained by the addition of that layer is reached after a period of 17 
some 2 ka. The average gamma dose rate calculated for this period is ~25% lower than the 18 
infinite medium value (corresponding to a reduction of 0.06 mGy a-1 in the case of F.5),  and 19 
this is compensated by a 36% increase in the average cosmic dose rate (corresponding to 20 
0.07 mGy a-1). The combined gamma and cosmic burial dose rate is consequently increased 21 
only marginally taking the overburden development into account and the difference in the 22 
dose rate obtained using the static and dynamic models is not significant. In sampled 23 
contexts of this type on Herm  the dynamic model indicates that the static model calculation 24 
is adequate.  25 
 26 
For an OSL sample located immediately below a land surface buried by dune sand,  the 27 
history of overburden development is likely to be uncertain and this raises the issue of the 28 
 19 
effect of a higher cosmic dose-rate during the exposure of the land surface on the time-1 
averaged total dose rate.  Geomorphological analysis of the Herm palaeosol sequences 2 
indicated that the A horizons were truncated and consequently the process of aggradation is 3 
likely to have  continued, followed by erosion to the preserved contact before the deposition 4 
of dune sand.  During exposure of the prehistoric land surface, the cosmic dose rate would 5 
have been at its highest value (ca 0.29 mGy a-1), and thereafter progressively diminished by 6 
dune formation, stabilisation and the addition of further sand deposits. In Trenches D2 and E, 7 
significant differences in the OSL age for the basal dune sand (D2.1, 0.83 ka; E.1, 0.63 ka) 8 
and the palaeosol located directly below the contact (D2.2, 3.9 ka; E.2, 1.69 ka) indicate 9 
gaps of about 3 ka and 1 ka respectively in the sedimentary record. If, in the case of the 10 
palaeosol in Trench D2, the prehistoric land surface had been exposed without further 11 
development of palaeosol or dune sand overburden, the model calculations indicate that the 12 
time-averaged gamma dose rate decreases by 20% (0.11 mGy a-1) and that this is offset by 13 
a 60% increase in the cosmic dose rate (0.10 mGy a-1). If, on the other hand, the aggradation 14 
of the palaeosol had continued, 90% of the infinite medium gamma dose rate would have 15 
been obtained within ~0.5 ka (corresponding to an overburden of 20 cm using a rate of 38 16 
cm per ka; Section 6.2).  As mentioned above and discussed further below, there was 17 
evidence in Trench A of a major post-Neolithic erosion event, followed by the deposition of 18 
wind-blown sand. If sand of similar composition had developed to a sufficient depth to 19 
provide an infinite medium until removal at some stage before stabilisation of dune sand 20 
during the medieval period, the calculated combined burial gamma and cosmic burial dose 21 
rate would be ~5% higher than the corresponding dose rate calculated using the static 22 
model, leading to a 2% increase in the total dose rate.  23 
Although the context of the palaeosol sample E.2 was similar to that of D2.2, the lower depth 24 
of overburden (133 vs 194 cm for D2.2), and lower indicated time gap in the sediment record 25 
( ~1 ka vs ~3 ka) give rise to a slightly different outcome.  Applying the same approach as 26 
discussed for D2.2, exposure of the prehistoric land surface for a period of 1 ka gives rise to 27 
a calculated decrease of 20% (0.09 mGy a-1) in the gamma dose rate and an increase of 28 
 20 
40% in the cosmic dose rate (0.07 mGy a-1) during the period of exposure, leading to a 2% 1 
reduction in the time-averaged combined gamma and cosmic dose rate for the (full) burial 2 
period. If the palaeosol continued to aggrade and sustained an average overburden of 20 cm 3 
for ~1 ka until eroded and replaced by dune sand, both calculated gamma and cosmic dose 4 
rates increase by 4% (0.02 mGy a-1) and 25% (0.04 mGy a-1) respectively, relative to the 5 
static model, leading to a value of the time-averaged combined cosmic and gamma dose rate 6 
for the burial period that is 10% higher (by 0.06 mGy a-1) than the static model, which 7 
corresponds to ~3% of the total dose rate. 8 
Given the general geomorphological assessments of the upper palaeosol horizons, it is likely 9 
that the development of overburden had continued for locations currently lying immediately 10 
below the contact with dune sand, either in the form of palaeosol or dune sand. Although the 11 
duration of exposure of the prehistoric land surface remains uncertain, the modelled dose 12 
rate estimates indicate that the effect of prolonged exposure on the combined gamma and 13 
cosmic dose rate is relatively small.(<5%), and the adoption of a combined gamma and 14 
cosmic dose rate in the age calculation (Table 1) using a dynamic model based on 15 
overburden development of the type discussed above for D.2 and E.2 was considered a 16 
reasonable compromise. However in sedimentary contexts with very low radionuclide content 17 
where the cosmic dose rate forms a relatively high proportion of the total dose rate, the 18 
dependence of dose rate on overburden development is stronger and may require an 19 
iterative approach to estimating the time-averaged total dose rate when calculating the age 20 
(Lopez and Thompson, 2012). Further details of the model calculations are given in 21 
Supplementary Material, Sec. 5.   22 
 23 
4.4 OSL age calculation 24 
The OSL ages were calculated by evaluating the quotient of the equivalent dose De and the 25 
average total dose rate, D tot (Table 1). The ages are given in the units of kilo-annum (ka),  26 
with calendrical date equivalents provided where discussion of archaeological aspects 27 
 21 
conventionally uses this timescale. They are given with type B (±B) standard uncertainties 1 
(ISO 1993) that were calculated at the 68% level of confidence (1) using a procedure based 2 
on an analysis of the propagation of errors, similar to that described by Aitken (1985). Type B 3 
standard uncertainty is based on an assessment of uncertainty associated with all the 4 
quantities employed in the calculation of the age, including those of type A standard 5 
uncertainty obtained by an analysis of repeated observations (i.e. random and systematic 6 
errors). The assessments are related to both the experimental results and the sample 7 
conditions that potentially may affect the values of parameters used in the calculation of the 8 
luminescence age. 9 
 10 
5. Interpretation  11 
As mentioned above, the key research questions to be addressed in this study were related 12 
to establishing the age of the prehistoric land surfaces, when they were buried and to obtain 13 
ages for key horizons in the prehistoric soil sequences. In interpreting the OSL ages obtained 14 
we first discuss the most recent phase of sand dune development and their contacts with the 15 
surviving prehistoric surfaces, and then to examine the timing of the development of the soils 16 
beneath them, including cultivation. Finally we examine the relationship between the 17 
signatures of significant aeolian activity within the Herm sedimentary deposits and those 18 
revealed at other sites within the wider N Atlantic region, and also more locally within the 19 
Normanno-Breton Gulf.  20 
 21 
5.1 The burial of land surfaces by dune sand 22 
The OSL ages (Table 1; Fig 3) obtained for basal dune sands (shown in Fig. 3, transect I: A, 23 
A.1; D, D.2; D2, D2.1; E, E.1; G, G.1 and, in Fig. 2, location MB, MB.1) confirm that the onset 24 
of the accumulation of much of the substantial quantity of sand that now blankets the north 25 
part of the island commenced during the medieval period, from the early 13th century (D2.1, 26 
0.83±0.07 ka; AD 1180±70 ) and persisted until the late 16th century (D.1, 0.35±0.03 ka; AD 27 
1660±30).  South of the Common, the samples from Trenches A,  E and D form a statistically 28 
 22 
coherent group (A.1, 0.73±0.07 ka, E.1, 0.63±0.06 ka and G.1, 0.69±0.06 ka) with a pooled 1 
mean age of 0.69±0.05 ka ( AD1320±50) that, if assigned to the same phase of sand 2 
deposition, provides a measure of the reproducibility of the OSL ages for dune formation and 3 
stabilisation during this period.  4 
 5 
In contrast, the OSL ages for the basal sands surrounding the granodiorite outcrop (D.2, 6 
0.43±0.03 ka (AD 1580±30) vs D2.1, 0.83±0.07 ka (AD 1180±70) that would have stood up 7 
to several meters above the prehistoric land surface are significantly different. The outcrop 8 
appears to have shielded the earlier medieval dune deposits (D2.2) from entrainment during 9 
substantial aeolian activity in the 17th century (D.1, 0.35±0.03 ka; AD 1660±30). The age for 10 
the basal sand at Mouisonnière Beach (MB.1, 0.58±0.05 ka; AD 1430±50), which places the 11 
dune consolidation in the early 15th century, indicates that the 14th century sand drift evident 12 
in the trenches south of The Common was part of an extended phase of significant 13 
modification of the dunes forming the coastal barrier.  14 
 15 
Evidence of older dune formation was obtained in two trenches, in A (A.3, 3.22±0.20 ka; 16 
1210±200 BC), adjacent to tomb 12 at Roberts Cross, and in N (N.3, 2.30±0.17 ka; 290±170 17 
BC) on the lower north slope of Petit Monceau. This preservation may have resulted from 18 
shielding provided by the orthostats of tomb 12 (A) and by Petit Monceau (N) from 19 
west/south-westerly winds, characteristic of North Atlantic cyclones,  during periods of 20 
significant sand drift.  At these two locations the OSL ages for the basal dune sand 21 
underlying palaeosol horizons overlap, indicating a continuity in the transition from underlying 22 
incipient soil (A.2, 0.84±0.06 ka; AD 1170±60) to dune formation (A.1, 0.73±0.07 ka; 23 
1280±70 AD). In Trench N the overlap of the basal fine wind-blown sand (N.3, 2.30±0.17 ka; 24 
290±170 BC) and the underlying palaeosol (N.4, 2.45±0.19 ka; 440±190 BC) also indicates a 25 
relatively short delay before formation of the overlying dune.  26 
 27 
 23 
Elsewhere, however, there is a gap in the sedimentary record between the uppermost 1 
palaeosol and the overlying dune sand and, moving closer to the coastal barrier,  it 2 
progressively increases, as seen in Trenches E, G and D2 (Fig. 4) . In Trench D2 the buried 3 
prehistoric land surface is some 3000 years older (D2.2, 3.90±0.30 ka) than the overlying 4 
basal sand (D2.1, 0.83±0.07 ka). As discussed further below, the lower palaeosol in Trench 5 
F, of similar age (F.3, upper layer, 4.00±0.41 ka), was overlain by a very fine sandy loam with 6 
a strong wind-blown component that accumulated for several hundred years (F.2, 3.43±0.32 7 
ka). This suggests that the land surface surrounding the standing stone continued to be 8 
subjected to cycles of deposition of wind-blown sand and ephemeral dune development and 9 
deflation from the early 2nd millennium BC and it is likely that this instability continued on the 10 
northern part of The Common until the medieval period. Although there is evidence of 11 
truncation of the upper palaeosols in Trenches E and G associated with cultivation (Fig. 3, 12 
transect I; Supplementary Material, Section 1), the absence of at least a millennium in the 13 
sedimentary record in both trenches again suggests a potentially unstable landscape during 14 
the early medieval period. In Trench A the composition of the upper palaeosol resembles a 15 
stabilised sand dune with incipient soil formation (Supplementary Material, Section 1) and the 16 
late 12th century OSL date (A.2, 0.84±0.06 ka; AD 1170±60) obtained for the later phase of 17 
this horizon raises the possibility that the sedimentary record for the early medieval period 18 
was preserved within it. However the recovery of a fragment of diagnostic Roman pottery 19 
from the lower part of the horizon, together with other Roman material, indicates that to 20 
investigate this further OSL ages for intermediate levels within the horizon are required.  In 21 
all the other trenches except N, where it may have survived, the early medieval horizon was 22 
obliterated by high aeolian activity at a much later stage, probably during the 13th or 14th 23 
centuries AD.  24 
 25 
5.2 Prehistoric soil development 26 
The OSL ages obtained for the samples from Trenches E and F provide two sequences that, 27 
combined, extend from the middle 5th millennium BC (F.5, 6.42±0.57 ka; 4410±570 BC) to 28 
 24 
the 4th century AD (E.2, 1.69±0.17 ka; AD 320±170 AD). The overlap of the OSL ages for the 1 
lower palaeosol in Trench E (E.6, 3.10±0.25 ka; 1090±250 BC) and the upper palaeosol in 2 
Trench F (F.1, 3.23±0.30 ka;1220±300 BC) is consistent with the similarity of the 3 
geomorphological characteristics of the two palaeosols. Three OSL ages (E.3-E.5) for 4 
samples at the top, middle and base of the relatively deep horizon of windblown sand show 5 
that this phase of aeolian activity extends from the end of the 2nd millennium BC to  the early 6 
1st millennium AD, forming a key component of the surviving later prehistoric sedimentary 7 
record.   8 
The trend in the rate of aggradation of the deposits is shown in Fig. 5 by plotting the OSL 9 
ages obtained for samples in Trenches E and F as a function of depth below the current 10 
ground surface. The OSL ages for Trench F indicate a significant change in the long term 11 
trend at the start of the 2nd millennium BC, the rate increasing from 13±2 cm per ka (Fig. 5, I) 12 
to 38±13 cm per ka (Fig. 5, II), marked by the onset of the formation of the middle palaeosol 13 
in Trench F which has a significant wind-blown component. The data for Trench E indicate 14 
that a similar long-term average rate of aggradation (41±4 cm per ka) was maintained until 15 
the ca 4th century AD (E.2, 1.69±0.17 ka; AD 320±170). Although the trends in soil 16 
aggradation are based on the interpolation of a small number of data points spread over an 17 
extended timescale, the consistency of the OSL age for sample E.4, obtained from the 18 
middle of the wind-blown sand horizon, with the plotted trend line indicates that this horizon 19 
was not formed by a short-term influx of sand.  During this period the process of clearance 20 
and ploughing would have made the early Holocene loess-rich soils susceptible to erosion 21 
and truncation and to sustain their viability for cultivation the soils were intensively manured 22 
from the late 4th millennium BC (Scarre and French, 2013). The aggradation of the 23 
palaeosols that developed during the Neolithic is attributed to the addition of fine wind-blown 24 
material and the relatively slow rate of accumulation that continued for two millennia from the 25 
middle of the 5th millennium BC to the early 2nd millennium BC is consistent with the 26 
micromorphological assessment that the soils developed under relatively benign climatic 27 
conditions during the Neolithic.  28 
 25 
 1 
The significant change in sand mobilization that occurred ca 4000 years ago would have 2 
required, in addition to winds of sufficient strength, a supply of sand.  In one of the models 3 
applied to dune formation in Denmark (Christiansen et al., 1990), sand supply is influenced 4 
by relative sea level and tidal range, and during phases of falling sea level the increased 5 
exposure of the foreshore provides a greater area of sand available for aeolian transport. As 6 
observed by Sebire and Renouf (2010), the lack of confirmed sea level index points (SLIPS) 7 
in the Normanno-Breton Gulf, the limited rise in mean sea level (msl, 2 m) during the last 8 
7000 years predicted by the Lambeck model and the shallow waters surrounding Guernsey, 9 
give rise to significant uncertainty in estimating foreshore exposure based on change in msl. 10 
Given the large tidal range (10.3 m), a significant change (i.e., enlargement) of exposed 11 
foreshore ca 4000 years ago seems unlikely. However, while there appear to be differing 12 
views on the origin of the sands on northern Herm, erosion of the granodiorite shelf between 13 
Guernsey and Herm by periglacial weathering during the Late Pleistocene is likely to have 14 
provided a significant source of sand, as indicated by the presence of a very large sub-15 
aqueous dune system within these shallow waters (Renouf, pers. comm).  16 
 17 
5.3 Cultivation 18 
For the evidence for ploughing activity found in Trenches B, E, F and G and at MB, the OSL 19 
ages obtained indicate that the most recent cultivation was on Grand Monceau during the 20 
13th century AD (Fig. 3, B.1, 0.73±0.06 ka; AD 1280±60  and B.2, 0.79±0.05 ka; AD 21 
1220±50). By this time it is likely that viable arable soil was restricted to higher ground given 22 
the evidence of significant sand movement and dune formation on the lower lying land. Apart 23 
from the survival of the lower part of the palaeosol horizon in Trench A, any soil horizons that 24 
may have developed during the early medieval period have not survived, but the ploughing 25 
activity identified in the upper palaeosol on Trench E can be assigned to the late Roman 26 
period (E.2, 1.69±0.17 ka; AD 320±170). The OSL ages for the basal palaeosol in Trench E 27 
(E.6, 3.10±0.25 ka;1090±250 BC) and the upper palaeosol in Trench F (F.1, 3.23±0.30 ka; 28 
 26 
1220±300 BC) provide a consistent indication that cultivation was in progress during the late 1 
2nd millennium BC. Evidence of ploughing activity was also detected in the upper surface of 2 
the palaeosol underlying the dune sand in Trench G and the OSL age obtained for this 3 
horizon (G.2, 2.64±0.24 ka; 635±240 BC) places its burial within a period of sustained influx 4 
of wind-blown sand during the 1st millennium BC  when cultivation had been interrupted 5 
(Scarre and French, 2013). It is possible that the volume of soil sampled, which was at the 6 
edge of Trench G, had not been disturbed by ploughing (i.e., not exposed to daylight) and if 7 
this were the case, the OSL age obtained relates to the original (natural) deposition of the 8 
horizon.  9 
 10 
5.4 Records of local and regional aeolian activity 11 
The OSL ages for the dune sands discussed above (Section 5.1; A.1, D.1, D.2, D2.1, E.1, 12 
G.1 and MB.1) identify significant aeolian activity extending across the late medieval period,  13 
in each of the 12th, 13th, 14th and 15th centuries AD, during which there are records of many 14 
storms in the North Atlantic region and their effect on coastal settlements. Lamb and 15 
Frydendahl (1991) identify ten of the most significant major storm events or sequences of 16 
storms in the history of the North Sea, of which five fall within the 12th-15th centuries AD 17 
(1200-1219, 1287, 1362, 1436 and 1570), and where, of all the historic storms, the 1570 18 
storm was considered to have caused the most severe coastal flooding. While the precision 19 
of OSL is not sufficient to examine for specific correlations, the OSL dates (D2.1, AD 20 
1180±70; the pooled mean of A.1, E.1 and G.1, AD 1320±50; MB.1, AD 1430±50  and D.2, 21 
AD 1580±30) are consistent with the pattern of the most severe storms as chronicled by 22 
Lamb. Recent research (Renouf, pers. comm.) has identified a record of the effects of a 23 
severe storm in the Normanno-Breton Gulf, dated to ca 1332, where sand blow overwhelmed 24 
land on the Cotentin coast and this was linked, in a later source (Poingdestre, c1682, in 25 
Société Jersiaise1889; Le Cornu, 1883), to the loss of land along the west coast of Jersey 26 
during the mid-14th century AD. The ca 1332 storm may have formed the initial event in a 27 
 27 
series of damaging storms that affected the Channel Islands during this period, the AD 1362 1 
event chronicled by Lamb being the most intense.  2 
 3 
The OSL age determinations for the prehistoric sand and palaeosol deposits (Section 5.2) 4 
place the onset of three phases of significant aeolian activity that modified the prehistoric 5 
landscape on Herm to ca 4 ka,  3 ka and 2.3 ka. To compare these phases of aeolian activity 6 
with those reported on a wider European scale, we turn to the series of studies mentioned 7 
earlier that have sought to examine the link between storminess and coastal dune formation. 8 
The OSL ages obtained for significant aeolian activity related to dunefields located on the 9 
coasts of: W Portugal (Clarke and Rendell, 2006; Clarke et al., 1999), SW France (Clarke et  10 
al., 2002), N Ireland (Wilson et al., 2004), NE England (Wilson et al., 2001), W Denmark 11 
(Clemmensen et al., 2009), Orkney and Shetland (Sommerville, 2001; 2003; 2007) and the 12 
Outer Hebrides (Gilbertson et al., 1999) are shown in Fig. 6. The OSL ages  obtained by 13 
Bateman and Godby (2004) for the inland site of Breckland, East Anglia, are also included  14 
for comparison.  15 
The study by Clemmensen et al. (2009) on dunefields on the west coast of Jutland also 16 
included radiocarbon determinations for thin intercalated horizons of peaty soil associated 17 
with phases of dune stabilisation. The addition of the Jutland and Herm ages to the dataset 18 
assessed by Clarke and Rendell (2006), provides a stronger indication of a potential 19 
correlation at a regional level of the OSL ages for two phases of significant aeolian activity, at 20 
ca 4 ka and 3 ka. The OSL ages obtained for the earliest phase of significant aeolian activity 21 
registered on Herm (ca 4 ka), Jutland (4.45±0.18 ka) and Orkney (4.21±0.14 ka) overlap 22 
(weighted mean age of 4.2±0.2 ka using the age of E.3 for Herm) and similarly the OSL ages 23 
for the following phase on Herm (E.5, 3.04±0.29 ka; A.3, 3.22±0.20 ka), Ireland (2.84±0.14 24 
ka), Orkney (3.02±0.14 ka) and Jutland (2.91±0.17 ka; mean of ages for coastal dunes) also 25 
overlap  (weighted mean age of 3.0±0.2 ka). The OSL ages for the earliest phase of dune 26 
formation in the Aquitaine study, which are supported by radiocarbon ages for overlying and 27 
underlying organic layers (Clarke et al., 2002; 1999) form an exception to the above 28 
 28 
correlations, falling midway (3.35±0.31, 3.52±0.46 and 3.65±0.46 ka), between the putative 1 
regional correlations at ca 4 ka and 3 ka.  2 
 3 
No OSL ages for dune formation on the north Brittany coast appear to have been published, 4 
but various studies have dated dune formation by obtaining radiocarbon determinations for 5 
associated organic samples (Billeaud, et al., 2009; Meurisse-Fort, M., 2008; Meurisse et al., 6 
2005; Bonnot-Courtois et al., 2002; Haslett et al., 2000; Regnauld et al., 1996). Of the earlier 7 
dunes, ages for a palaeosol underlying the basal sands of perched dunes on the western 8 
coast of 4.2-4.6 ka cal BP (Haslett et al., 2000) and for a shell layer within dunes on the north 9 
coast (Regnauld et al., 1996) of 4.1-3.9 ka cal BP place the earliest dune formation to ca 4 10 
ka ago which coincides with a regional phase as discussed above. Also Guilcher and 11 
Hallégouët. (1991) reported dune formation on the north coast (Marais de Dol, Gulf of St 12 
Malo) that was assigned a maximum age of  2.4 ka by association with a marine regression 13 
dated to the La Tène Iron Age period (similar to the third phase observed on Herm; N.3, 14 
2.30±0.17 ka; 290 ±170 BC).  A detailed study of the Holocene sedimentary record for Mont 15 
Saint Michel Bay by Billaud et al. (2009) identified storm beds above erosional surfaces and 16 
radiocarbon ages for shells sampled from the beds indicated enhanced storminess recurring 17 
on a millennial scale (5582-5706; 4783-4918; 4087-4325; 2910-3163; 1049-1232 calBP), 18 
four of which (the exception being the second listed here) they argue match the sequence of 19 
cooling events identified by Bond et al. (1997). Billaud et al. (2009) also observed that the 20 
sequence of climatic events in Spain (Zazo et al. 2007) and in Mont Saint Michel Bay are 21 
correlated. Since the events in NW France and Spain are expected to be accompanied by 22 
humid and arid conditions respectively, they suggest that an anticorrelation of conditions 23 
would have been obtained if the NAO was positive in NW Europe and negative in SW 24 
Europe.  The similarity of the OSL age obtained by Clarke and Rendell (2006) for a phase of 25 
significant aeolian activity (2.19±0.21 ka) on the west coast of Portugal with the OSL age for 26 
the third phase of aeolian activity on Herm (N.4, 2.30±0.17 ka) appears to be consistent with 27 
the observation of Billaud et al. (2009). The OSL ages for dune formation on the coasts of 28 
 29 
west Portugal and Aquitaine (Clarke and Rendell, 2006) were out of phase during the LIA, 1 
and Clarke and Rendell attributed this behaviour to differences in storm tracks controlled by 2 
the polarity of the North Atlantic Oscillation (NAO). However in a recently published study of 3 
enhanced aeolian activity on the western coastline of Portugal (the Caparica coastal plain), 4 
Costas et al. (2012b) correlated ‘pulses’ of aeolian activity at 12.6, 5.6, 1.2, 0.44 and 0.3 ka, 5 
dated by OSL (Fig. 6), with four of the global cooling events of Bond et al. (1997), including 6 
the phases of enhanced aeolian activity in NW Europe during the LIA. In accounting for the 7 
absence of evidence for dune building associated with the third and fourth cooling events 8 
(i.e., dune forming conditions not suitable; horizons not preserved or identified for sampling) 9 
they also refer to a Roman site 18 km south of their study area buried under transgressive 10 
dune building driven by northerly winds.  While the sand depositional phases identified at 11 
Breckland, East Anglia (ca 6.5 ka, 1.6-1.1 ka , 0.5 ka, 0.40-0.34 ka and including a modern 12 
phase; Bateman and Godby, 2004) do  not include the ca 4 ka and 3 ka phases of particular 13 
interest in the Herm study,  Bateman and Godby suggested that, given the differences in the  14 
processes driving the formation of the dunes within inland and coastal regions, the existence 15 
of a correlation in the timing of several phases of aeolian activity on their inland site with 16 
those on coastal sites in the North Atlantic region dated using OSL indicated that the onset of 17 
aeolian activity had been activated by external climatic forcing.  18 
 19 
Hence, not unexpectedly, the picture that is emerging regarding the relationship between 20 
climate change and dune formation, extending from the southern to northern coastlines of 21 
the North Atlantic, is complex and the chronometric dataset currently available for aeolian 22 
activity is thinly spread.  However, identifying periods of significant aeolian activity during the 23 
Holocene is of particular importance in coastal regions because of the debilitating effect on 24 
cultivation caused by the rapid inundation of sand, and on small islands such events 25 
accentuate the vulnerability of settlements under these conditions. 26 
  27 
 30 
 1 
 2 
6. Conclusion  3 
 4 
In this study we have further developed the application of OSL dating of sands and palaeosol 5 
horizons, supported by geomorphological analysis, to identify critical stages in the 6 
development of the landscape on Herm. In particular, three phases of significant aeolian 7 
activity during the prehistoric period led to dune formation dated to ca 4 ka, 3 ka and 2.3 ka, 8 
where the first phase marked a significant increase in the long term trend of an aggradation 9 
of soils that persisted during the next two millennia. Palaeosols with structural evidence of 10 
disturbance consistent with ploughing were also tested and the OSL ages obtained for the 11 
sampled contexts place the activity in the late 2nd millennium BC and the 4th and 13th 12 
centuries AD. As discussed by Scarre and French (2013), cultivation in the northern part of 13 
the island appears to have been abandoned during a large part of the first millennium BC as 14 
a result of intensified aeolian activity. 15 
 16 
The OSL ages for basal dune sands also revealed phases of aeolian activity during the 17 
medieval period, commencing in the C13th AD and persisting until the C17th AD, which 18 
probably account for most of the present blanket of sand covering the northern part of the 19 
island.   These periods of enhanced aeolian activity can be correlated with documented high 20 
intensity storms in the North Atlantic within the period  C13th - C15th AD, one of which in the 21 
Normanno-Breton Gulf can be connected to records of storm damage in Jersey. The phases 22 
of significant aeolian activity dated by OSL to ca 4 ka and 3 ka on Herm can be potentially 23 
linked with those detected in different regions of the North Atlantic coastal areas, a causal 24 
link with the quasiperiodic climatic cooling events being argued by Clemmensen et al. (2009) 25 
for three of their ages for aeolian activity on Jutland.  In a recent proposal for the division of 26 
the Holocene Series/Epoch, Walker et al. (2012), who identify the 4.2 and 8.2 ka cooling 27 
events as the two significant stratigraphic markers of the Holocene defining the Middle-Late 28 
 31 
Holocene Boundary and the Early-Middle Holocene Boundary, respectively, suggest that 1 
these coincide with major catastrophic societal collapses in the archaeological record 2 
extending across northern Eurasia.  Further investigation of these potential correlations of 3 
climatic change is of importance in terms of establishing a chronology for aeolian horizons 4 
that can be applied to the study of how past coastal communities responded to climate 5 
change. In terms of the aeolian record, island settings such as those found on Herm may 6 
provide suitably preserved contexts for further study. 7 
 8 
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Application of luminescence dating and geomorphological analysis to the study of 
landscape evolution, settlement and climate change on the Channel Island of Herm 
 
Supplementary Material  
 
 
1. Lithology 
Trench A. Dune sand: pale yellowish brown fine to very fine quartz sand with abundant 
fine shell fragments, or dune sand; Palaeosol: black fine to very fine quartz sandy loam 
with common humic dust coating/linking sand grains, or buried Ah; Wind-blown sand: pale 
brown fine to very fine quartz sand, or windblown sand. 
 
Trench B. Palaeosol A: brown fine sandy clay loam with minor humic dust between grains, 
or poorly developed A; Palaeosol B: brown fine to very fine quartz sandy loam with minor 
dusty clay, or poorly developed B on weathered granite substrate. 
 
Trench D. Dune sand: pale yellowish brown fine to very fine quartz sand with abundant 
fine shell fragments, or dune sand; Palaeosol: dark brown fine to very fine quartz sandy 
loam with minor humic dust coating/linking sand grains, or buried Ah/A. 
 
Trench D2. Dune sand: pale yellowish brown fine to very fine quartz sand with abundant 
fine shell fragments, or dune sand; Palaeosol: dark brown fine to very fine quartz sandy 
loam with minor humic dust coating/linking sand grains, or buried Ah/A. 
 
Trench E. Dune sand: pale yellowish brown fine to very fine quartz sand with abundant 
fine shell fragments, or dune sand; Upper palaeosol: two thin interleaved horizons of black 
very fine to fine sand with common humic dust coating/linking sand grains, or buried Ah, 
with disturbance evidence of ploughing activity; Wind-blown sand: pale brown fine to very 
fine quartz sand with common fine shell fragments, or dune sand; Lower Palaeosol: black 
very fine to fine sand with common humic dust coating/linking sand grains, or buried Ah, 
over dark brown sandy/silty clay loam with minor dusty clay coatings of the grains, or 
buried upper B horizon, both with disturbance evidence of ploughing activity. 
 
Trench F. Dune sand: pale yellowish brown fine to very fine quartz sand with abundant 
fine shell fragments, or dune sand; Upper palaeosol: black very fine to fine sand with 
common humic dust coating/linking sand grains, or buried Ah, with disturbance evidence of 
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ploughing activity; Middle palaeosol: mid-brown fine sandy clay loam with minor humic 
dust, some dusty clay and zones of calcium carbonate, or eluvial B or Eb; Lower 
palaeosol: brown fine quartz sandy loam with common dusty clay and zones of calcium 
carbonate, or weathered Bw. 
 
Trench G. Dune sand: pale yellowish brown fine to very fine quartz sand with abundant 
fine shell fragments, or dune sand; Upper palaeosol: brown fine to very fine sandy clay 
loam with minor dusty clay, or upper buried B; Lower palaeosol: brown fine to very fine 
sandy clay loam with common dusty clay and minor organised clay, or buried lower B or 
argillic horizon of a brown earth, developed on a weathered loessic B/C. 
 
Trench N. Dune Sand: pale yellowish brown fine to very fine quartz sand with abundant 
fine shell fragments, or dune sand; Upper Palaeosol: brown fine to very fine sandy clay 
loam with minor humic dust and few dusty clay, or buried lower A/upper B. 
 
2. Luminescence sample preparation 
Coarse quartz grains were extracted following the procedures developed for the quartz 
inclusion technique (Aitken, 1985) and all sample preparation was performed under 
subdued red lighting conditions. The 150-200 m and 200-355 m sieved  fractions were 
treated in 15% HCl to remove carbonates, followed by etching in HF (40%, 45 mins), and 
finally immersed in HCl (40%) for 45 mins to remove fluoride precipitates, using 
appropriate washing procedures at each stage. The HF etched material was finally re-
sieved, to remove grains smaller than the lower diameter of the above sieved ranges.  The 
200-355 m was the preferred fraction for OSL measurements to gain higher OSL signal 
intensity and where there was insufficient material the smaller 150-200 m fraction was 
used.  Small aliquots of HF etched grains were deposited using a dental spatula onto 
stainless steel discs that had been lightly sprayed with silicone oil  through a mask of ~6 
mm dia., taking care to disperse the grains to avoid clustering. Typically aliquots contained 
~50   and ~100 grains for palaeosol and dune sand samples respectively. Before use all 
discs had been checked for the absence of background signal interference by applying a 
beta dose of ca 10 Gy, a preheat (220°C) and measuring the OSL response. 
 
3. Instrumentation 
The OSL was stimulated using a blue LED array (470 nm; ~35 mW cm-2) mounted in the 
Risø TL-DA-12 semi-automated reader (Risø National Laboratory, Denmark) and detected 
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after passing through a Hoya U340 filter (7.5 mm). The decay curve (Fig. SM1a) was 
recorded for 50 s while maintaining a sample temperature of 125 ºC during stimulation to 
prevent retrapping of charge by traps associated with the 110 °C TL peak; the photon 
counter interval was set to 200 ms.  
Following completion of the SAR measurement procedure for each aliquot, the spatial 
distribution of OSL from grains within the aliquots was measured using a scanner (Bailiff 
and Mikhailik, 2003) that mapped the distribution of OSL from the scanned area (10 mm x 
10 mm) containing 1600 measurement points (Fig. SM1b). 
 
The primary calibration of the beta source in the luminescence reader was originally 
performed with 90-150 μm and 150-200 μm diameter quartz grains that had been gamma 
irradiated at a Secondary Standards Laboratory (Göksu et al., 1995), and subsequently 
checked periodically using gamma photon irradiated quartz. Armitage and Bailey (2005) 
have observed experimentally, using a similar Risø reader and irradiation geometry, an 
absence of significant variation of the source beta dose rate with grain size (within the 
limits of experimental uncertainty), tested  with grains between ca 65 μm and 250 μm 
diameter. We have also observed this absence of a significant grain size dependence for 
larger grains when applying our calibration absorbed dose determinations with gamma 
irradiated quartz (180-250 μm dia.) circulated as part of the Risø Laboratory 
intercomparison and similar predictions have been obtained from radiation transport 
simulations (MCNP) for the source geometry in our reader, with modelled grain sizes 
between 120 and 350  μm diameter. 
 
4. Equivalent dose 
The equivalent dose, De, was determined using a single aliquot regeneration (SAR) OSL 
procedure, similar to that described by Murray and Wintle (2000; 2003), but where the 
corrections for sensitivity change and thermal transfer are handled differently (Table SM1). 
The test dose in the SAR protocol was replaced by a monitor dose  comparable to the 
estimated natural dose; between 3 (linear) and 5 (non-linear) levels of regenerative dose 
were applied to provide a range extending from half to three times the estimated natural 
dose. A second preheat and following OSL decay curve measurement (referred to as a 
pre-heat monitor, PHM) were included in the sequence to examine the OSL signal arising 
from thermal transfer, and to define the background signal. During the first preheat for this 
pair of OSL measurements, the TL was also recorded to monitor changes in TL sensitivity. 
The OSL signal, used to construct the dose response plots, corresponds to the counts 
recorded during the initial 800 ms of the OSL decay curve (including the background, 
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PHM). The early background (EBG) subtraction procedure (Ballarini et al, 2007; 
Cunningham and Wallinga, 2010) was also applied using signal integration intervals of 0-
800 ms and 800-1600 ms for signal and background respectively. Agreement within 
experimental errors of the De values calculated using EBG and PBG (associated with the 
PHM measurement) subtraction was used to check for the absence of intrusive medium 
and slow decay components (Li and Li, 2006; Steffen et al, 2009).  
 
Tests for meeting the criteria for satisfactory luminescence characteristics (Wintle and 
Murray, 2006) were applied and aliquots with recycling and IR depletion ratios deviating 
more than 10% from unity were excluded from further analysis. No cases of non-
intersection of the natural signal with the dose response curve were observed.   
 
Dose response curves (a linear function was used for all the Herm samples discussed in 
this paper) were fitted to the sensitivity corrected OSL signals by applying a Monte Carlo 
(MC) simulation combined with a least squares algorithm incorporated in a Microsoft Excel 
sheet employing Solver and MCSimSolver (Barreto and Howland, 2006) add-ins. For each 
stage of the Monte Carlo simulation, the OSL signal intensity was drawn from a normal 
distribution with a relative standard deviation derived from the (Poisson) uncertainty in the 
net integrated counts. The standard deviation of the distribution of De values calculated by 
the simulation (50 cycles) was used as the estimate of uncertainty in De. The analysis of De 
distributions included the use of the central dose (CDM) and finite mixture statistical 
models (FMM), seeking the maximum and minimum values respectively of the log 
likelihood and the Bayesian information criterion, developed by Galbraith (2005).  
 
The dose recovery experiment (Wintle and Murray 2006) was performed using one value 
of applied dose, Da, selected to be approximately equivalent to the natural dose, and three 
preheat temperatures within the range 180-240 °C. The trapped charge was depleted at 
room temperature (RT) using the blue LED source and, following storage for 10 ks to 
deplete phototransferred charge in the traps associated with the 110 °C TL peak, any 
residual charge in the traps used for dosimetry was removed by a further OSL 
measurement at RT. The experimentally determined value of the equivalent dose, De,   
was obtained using the SAR procedure and the average values of the ratio De/Da are given 
in Table SM2. 
 
5. Dose rate assessment 
High resolution gamma ray spectrometry 
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The average specific activities (Bq kg-1) of 238U, 232Th and 40K in the sample matrix were 
measured using a high resolution  ray spectrometer configured with shielding for low 
background (Canberra high purity germanium coaxial detector type GR2018 of 20% 
efficiency and with a Be window). The spectrometer was calibrated using silica-rich sands 
containing lithogenic radionuclides of certified concentrations (New Brunswick 
Laboratories, USA and NCS DC73374 standard supplied by LGC Promochem). The 
samples (~25 g, dried, but without any further treatment) were placed in sealed containers 
and measured after storage of 3 days and after one month.  
The measured specific activities of sediment extracted from each sample tube are given in 
Table SM3. The 210Pb: 226Ra activity ratios obtained from the spectrometry 
measurements indicate longer term in situ loss of 222Rn gas in the case of some of the 
samples (e.g. G.2 and G.3).  Fortunately a high proportion (ca 80%) of the total dose rate  
within the palaeosols is delivered by 40K and the contributions by 238U  to the beta and 
gamma dose rates are 13% and  21% respectively. In the case of sample G.2 a 50% loss 
of radon and progeny within the horizon is calculated to reduce the total dose rate by 
~4.5% (1.5%, ; 3%, ).  
 
 thermoluminescence dosimetry  
The -TLD technique employs a single 10 mm diameter detector to measure the average  
dose rate from sources distributed within the sample volume (~1 cm3), and a calibration 
factor is applied to the measured external dose rate to obtain the infinite medium dose 
rate. The measurements were performed with typically five separately drawn aliquots of 
sediment (dried, but without any further treatment) to examine the extent of variation in 
beta dose rate; the sample containers were not sealed to retain radon during the 
measurement period. 
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Table SM1.   OSL single aliquot regenerative procedure (linear response; 3-point) 
 
Step Procedure 
 
dose 
Measurement 
OSL 
Signal 
1 PH1; OSL 
 Pre-heat using a selected temp. within 
the range 200-240 °C; measure OSL 
IN 
2 PH2; OSL  Pre-heat monitor (PHM) IBG 
3 ß1; PH1; OSL  1
st
 dose point / Sensitivity Monitor I1 
4 PH2; OSL  PHM IBG 
5 ß2; PH1; OSL 0.5 2
nd
 dose point  I2 
6 PH2; OSL  PHM IBG 
7 ß3; PH1; OSL  Sensitivity Monitor I3 
8 PH2; OSL  PHM IBG 
9 ß4; PH1; OSL 2 3
rd
 dose point  I4 
10 PH2; OSL  PHM IBG 
11 ß5; PH1; OSL  Sensitivity Monitor I5 
12 PH2; OSL  PHM IBG 
13 ß6; PH1; OSL 0.5 Repeat ß2/Recycling test I6 
14 PH2; OSL  PHM IBG 
15 
ß7; PH1; 
IRSL;OSL 
 Sensitivity Monitor/Test for IR response I7 
16 PH2; OSL  PHM IBG 
17 ß8; PH1 ~3 ß dose and PH   Scan 
 
Notes  
1.  The OSL decay curve was measured for 20s with the sample temperature held at 
125 ºC during stimulation. 
2.  The preheat PH1 was performed by heating the aliquot (5 ˚C s
-1
) to a maximum 
temperature selected in the range 200-240 ˚C, recording the TL, holding at the 
maximum temperature for 5s, cooling to RT and then repeating the procedure. The 
preheat PH2 was performed by heating once to the maximum temperature as in 
PH1 and holding at that temperature for 10s.   
3.  ßn represents the administration of a laboratory ß dose in the regenerative 
sequence, where Steps  3, 7, 11 and 15 correspond to the monitor dose and where 
Steps 5 (2) and 9 (4) correspond to 0.5 times and 2 times the monitor dose 
respectively.  The monitor dose was selected to be approximately equal to the 
burial dose (  De). Further dose points were added to the sequence where the 
growth was found to be non-linear. 
4.  The dose response curve was plotted using the OSL signal values, after subtraction 
of the background signal (IBG), and normalisation to the preceding (except for IN) 
sensitivity monitor as in the conventional SAR procedure, producing the following 
three sets of data pairs: 0, IN/I1; ß1, I1/I1; ß2, I3/I2; ß4, I4/I3.  The recycling ratio 
was determined by evaluating the expression (I6/I5)/(I3/I2); IR depletion was 
tested by examining the position of I7 relative to the extrapolated trend line fitted to 
values of the sensitivity monitors, I1, I3, I5 plotted against cumulative dose.  
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Table SM2. Statistical data 
 
Notes  
1. Sediment type: DS, dune sand; PS, palaeosol; WBS, wind-blown sand.  
2. Grain count 1g, 2g, 3g, etc., denotes 1, 2, 3, .. dominant grains in an aliquot as detected 
using the scanning procedure and Weak indicates that the OSL intensity was insufficient to 
resolve a dominant grain. 
3. OD (col. 13) is the overdispersion calculated using the CDM, including De values for all 
aliquots.  
S
a
m
p
le
  
   
n 
 
 
 
Grain Count 
 
Descriptive 
Statistics  
Type 
Dose 
recovery 
 
De/Da ± RSD 
 
200 -240 ph 
 
 
OD 
 
i 
 
Recycling 
ratio 
 
± s.d. T
o
ta
l 
1g 
 
2g 
 
3g 
 W
e
a
k
 
Weighted 
Skewness 
 
c (%crit. val.) 
 
OD 
b 
(All 
aliquots) 
n     1g  
             
A.1 DS    0.95±0.17 0.12 10 0.92±0.04 21 17 3 1  0.07  (6% ) 0.25 
A.2 PS 0.98±0.22 0.10 13 0.93±0.11 - - - - - - 0.11 
A.3 WBS 0.99±0.10 0.07 8 0.96±0.03 25 19 6   0.13  (12%) 0.15 
B.1 PS 0.95±0.12 0.05 8 0.99±0.07 23 16 8   0.24  (20%) 0.18 
B.2 PS 1.04±0.09 0.05 7 1.08±0.45 - - - - - - 0.16 
D.1 DS 1.02±0.26 0.15 9 1.00±0.13 17 13 4   -0.48  (35%) 0.06 
D.2 DS 0.85±0.19 0.15 11 0.98±0.08 23 20 3   0.10  (9%) 0.14 
D2.1 DS 0.90±0.11 0.10 10 0.97±0.02 31 24 6 1  0.86 (86%) 0.25 
D2.2 PS 0.95±0.11 0.07 12 1.00±0.08 16 9 5 1  -0.16  (9%) 0.06 
E.1 DS 0.87±0.17 0.11 6 0.96±0.05 9 3 3 1 1 0.36  (13%) 0.13 
E.2 PS 0.90±0.16 0.11 8 1.01±0.14 24 17 7   0.20  (17%) 0.28 
E.3 WBS 0.91±0.14 0.08 6 1.04±0.09 16 14 2  4 -0.14  (11%) 0.28 
E.4 WBS 0.93±0.11 0.08 7 1.00±0.05 14 11 3   0.15  (10%) 0.20 
E.5 WBS 0.96±0.07 0.07 6 1.03±0.06 27 18 4 3 2 -0.21  (19%) 0.27 
E.6 PS 0.94±0.05 0.10 6 0.97±0.04 26 17 6 3  -0.18 (15%) 0.12 
F.1 PS 0.97±0.13 0.11 9 0.99±0.09 16 13 3   0.06  (4%) 0.13 
F.2 PS 0.96±0.03 0.07 7 1.03±0.05 18 13 3 2  0.57 (42%) 0.16 
F.3 PS 0.90±0.06 0.05 7 1.03±0.09 16 9 4 3  -0.16  (10%) 0.24 
F.4 PS 0.96±0.03 0.05 6 1.00±0.08 31 19 10 2  -0.25  (22%) 0.22 
F.5 PS 0.93±0.11 0.10 9 1.01±0.04 28 18 8 1 1 0.76  (66%) 0.23 
G.1 DS 0.97±0.15 0.12 9 1.00±0.08 25 16 7 1 1 -0.10  (9%) 0.24 
G.2 PS 1.01±0.19 0.10 7 0.94±0.18 15 12 2 1  -0.31  (22%) 0.09 
G.3 PS 0.87±0.11 0.09 11 1.00±0.08 17 13  2 1 1 -0.41  (30%) 0.23 
N.3 DS 0.96±0.05 0.05 7 0.95±0.04 27 22 2 2  -0.53  (51%) 0.25 
N.4 PS 0.95±0.11 0.08 6 0.94±0.12 25 21 3 1  0.58  (54%) 0.13 
MB.1 DS 0.92±0.13 0.06 14 0.97±0.12 42 28 7 2 5 0.22 (23%) 0.31 
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Table SM3.  Specific activities of sediment samples grouped by horizon classification: PS, 
palaeosol; WBS, wind-blown sand; DS, dune sand. 
 
 
 
Sample 
# 
Th U K  
 
210
Pb/
226
Ra
  
  Bq kg
-1
 Bq kg
-1 Bq kg-1   
PS A.2 13.7±2.6 10.2±3.5 453±7  0.78±0.08 
 B.1 13.4±2.3 12.4±3.2 504±7  0.79±0.19 
 B.2 17.4±2.3 16.4±3.2 543±7  1.03±0.16 
 D2.2 18.4±1.7 18.1±2.8 565±8  0.76±0.15 
 E.2 15.8±2.7 14.2±1.6 499±8  0.73±0.15 
 E.6 22.8±2.9 23.6±1.7 489±7  1.09±0.16 
 F.1 14.4±2.7 13.0±1.6 465±7  1.10±0.30 
 F.2 19.7±2.8 19.0±1.7 477±7  0.76±0.14 
 F.3 28.9±3.0 24.3±1.8 533±8  1.04±0.15 
 F.4 33.4±3.1 31.2±1.8 473±7  1.09±0.13 
 F.5 29.5±3.0 29.6±1.8 479±7  0.97±0.11 
 G.3 22.4±2.9 23.6±1.7 499±8  0.75±0.11 
 G.2 15.9±2.8 15.5±1.6 411±7  0.56±0.16 
 N.4 21.0±3.0 23.0±1.7 483±7  0.78±0.11 
       
WBS A.3 8.0±1.9 8.0±1.3 375±4  1.64±0.29 
 E.3 13.6±2.7 14.4±1.6 493±7  0.87±0.20 
 E.4 14.2±2.4 13.7±1.4 490±7  0.96±0.20 
 E.5 20.9±2.8 19.3±1.7 494±7  1.06±0.20 
       
DS A.1 7.7±2.6 9.3±3.5 515±8  0.89±0.27 
 D.1 6.2±2.0 7.2±1.1 364±5  1.25±0.39 
 D.2 5.5±1.9 5.9±2.6 506±6  
Poor 
precision 
 D2.1 7.6±2.6 9.7±1.5 467±7  “ 
 E.1 8.9±2.2 8.8±1.3 509±7  “ 
 G.1 8.2±2.6 11.3±1.5 468±7  0.92±0.22 
 N.3 15.3±2.8 17.4±1.6 474±7  0.88±0.23 
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Figure SM1    
a) OSL decay curves – Normalised intensities (IN, IBG and I1) measured from a single 
aliquot of sample F.4 containing about 100 grains, where the subsequent scan showed a 
dominant single bright quartz grain. The OSL signal was obtained by integrating the first 
four channels (800 ms) and this interval was also used to define the background signal 
(PHM). The preheat temperature was 220 °C.  
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b) Isometric 3D plot of the spatially resolved OSL intensity recorded with an aliquot 
containing ~60 quartz grains located on the measurement disc. The sharp peak in the plot 
represents the emission from a single bright grain and for this peak the ratio of signal to 
background (as shown) was 6:1. The OSL is recorded at 1600 measurement points within 
the scanned area (10 x 10 mm); the aliquot had received a laboratory dose of 10 Gy and a 
200 ºC preheat before measurement.    
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Figure SM2.     
De values vs preheat temperature obtained with four samples (A.3, D.2, F.4 and G.2) as 
part of the dose recovery experiment and using an applied dose (Da) indicated by the 
broken line. The sediment type is indicated as follows: PS, palaeosol; WBS, wind-blown 
sand; DS, dune sand. 
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Figure SM3    Comparison of distributions of overdispersion values (OD). 
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Figure SM4     
Radial graphs for samples a) D2.1 and b) N.3. The graphs (Galbraith 1988) show the values 
of a standardised De estimate plotted against the precision (inverse of the relative standard 
error) for each aliquot. The dotted line drawn from the origin intersects the radial axis at the 
average value determined by the statistical model applied: a) sample D2.1, the central dose 
model (CDM) and b) sample N.3, the finite mixture model (FMM). The skewness scores, 
expressed as a percentage of the critical value, 2c, were 86% (D2.1) and 51% (N.3), and 
the values of overdispersion (OD) were 25% for both samples (Table SM2). The open 
symbols represent aliquots containing 1 dominant bright grain and in plot a) for sample D2.1, 
aliquots containing more than 1 bright grain are indicated by shaded symbols.  
 
 
 
a) Sample D2.1  
 
 
b) Sample N.3  
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Figure captions 
 
Figure 1 Geographical map showing location of Herm and, with the exception of the 
inland site 5, other coastal sites in the North Atlantic region discussed in the 
main text, where OSL dating studies on dune sands have been reported: 1. 
Herm; 2. Portugal (Costas et al., 2012b); 3. Portugal (Clarke and Rendell, 
2006); 4. Aquitaine (Clarke et al., 2002); 5. East Anglia (Bateman and 
Godby, 2004); 6) Northumberland (Wilson et al., 2001); 7. N Ireland (Wilson 
et al., 2004); 8. Jutland (Clemmensen et al.,  2009); 9. Orkney 
(Sommerville et al., 2003; 2007); 10. Shetland (Sommerville et al., 2003) ; 
11. Outer Hebrides (Gilbertson et al., 1999). 
 
Figure 2 Topographic plan of the middle and northern part of Herm showing the 
locations of Grand Monceau,  Petit Monceau, the sixteen monuments, the 
trenches (A, B, D-G and N), the outcrop  on Moussionnière Beach (MB) 
and excavated areas with evidence of settlement (cross hatched), as 
discussed in the main text. 
 
Figure 3 Stratigraphy and OSL sample locations shown in two transects (I and II), 
the orientation of which are indicated on the map shown in the inset. The 
depths shown are below the ground surface at the sampled trench wall face 
(except Trench G, height above limit of excavation), the elevation of which 
is given at the top of each column relative to Ordnance Datum (OD).  A 
solid red line in the columns represents the horizon boundary and a broken 
line indicates  a gradual contact. The positions of the OSL sample tubes 
are indicated as filled circles and an excised block as a filled square (D2); 
the sample number within the trench  is indicated to the right of the column, 
together with the OSL age and overall error (1). The location of sample 
MB.1 is shown in Fig. 2. 
 
Figure 4 Comparison of OSL dates for basal dune sand and the uppermost sample 
taken from the underlying prehistoric buried soil horizon, sampled in 
trenches E, G, D, the locations of which move progressively from trench E 
towards the northern dunes.    
 
Figure 5  OSL age-depth plots for samples from trenches E and F; the broken lines 
are indicative trend lines as discussed in the main text. 
 
Figure 6 Ages for aeolian activity on coastal dune sites in the North Atlantic region 
(basal sands). Comparison of Herm OSL dates with published results for 
nine studies discussed in the main text, from Portugal to Shetland. The 
sources of the OSL dates are: Portugal (South), Costas et al., 2012b ; 
Portugal (North), Clarke and Rendell, 2006; Aquitaine, Clarke and Rendell, 
2002; East Anglia, Bateman and Godby, 2004 (shown within parentheses to 
distinguish its inland location); Northumberland, Orford et al., 2000; Northern 
Ireland, Wilson et al., 2004; Jutland, Clemmensen et al., 2009; Orkney, 
Sommerville et al., 2003 and 2007; Shetland, Sommerville et al., 2007; Outer 
Hebrides, Gilbertson et al., 1999). Indicated above the sequence of Jutland 
OSL dates are calibrated radiocarbon ages (green bars) for underlying peaty 
soils interleaved in the sequence and red bars indicating the interpreted 
onset of dune formation. The two dates shown adjacent to the Orkney OSL 
dates (open diamonds) represent the weighted mean dates calculated by 
Sommerville et al. (2007). The bars shown adjacent to the sequence of the 
Outer Hebrides OSL dates represent the broad time periods of notable sand 
drift phases 4 (oldest) to 7 (most recent) assigned by Gilbertson et al. (1999). 
The vertical broken lines indicate the cooling phases proposed by Bond et al. 
(1997) and the vertical grey shaded bands represent the putative regional 
phases at 4.2 ka and 3 ka discussed in the main text.   
 
 
 
 
Figure 1 
 
 
 
 
Figure 2  
 
 
 
Figure 3 
  
 
Figure 4 
 
 
 
 
 
 
 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
Location
 O
S
L
 a
g
e
 (
k
a
) 
  
  
E
G
D
Basal 
Dune 
Sand
Upper 
Buried 
Soil
 
 
 
 
 
Figure 5 
 
 
 
 
 
 
 
0
50
100
150
200
250
0 1 2 3 4 5 6 7 8
OSL Age (ka)
D
e
p
th
 (
c
m
) II
E.2
E.6
F.5
F.1
I
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6  
 
 
 
 
 
0 1 2 3 4 5 6 7
 Luminescence  Age (ka)
Location
Herm
Aquitaine
Portugal,  North
Jutland
Orkney
Shetland
Outer
Hebrides
N.Ireland
Northumberland
C14
[East Anglia]
             South
Bond cycles
 
 
 
